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exchange membrane fuel cells and electrolysers. 

Fuel cells are devices in which a fuel and an oxidant combine in a controlled manner to produce 
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traditional generator, Inis mucn is widely Known. A tuei cell sounds simple and desirable but 
many man-years of work have been expended in recent years attemntins to nroduce practical 
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fuel cell systems. An electrolyser is effectively a fuel cell in reverse, in which electricity is used 
to snlit water into hvdrosen and oxvsen. Both fuel cells and electrolvsers are likelv to become 
important parts of the so-called ''hydrogen ecoi 
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One type of fuel cell in commercial production is the so-called proton exchange membrane 
(PEM) fuel cell [sometimes called polymer electrolyte or solid polymer fuel cells (PEFCs)]. 
Such cells use hydrogen as a fuel and comprise an electrically insulating (but ionically 
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iiydrogeii fuel is supplied to one electrode (the anode) where it is oxidised to release electrons 
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field plates (also referred to as separators or bipolar plates). The flow field plates are typically 
formed of metal or graphite to permit good transfer of electrons between the anode of one 
membrane and the cathode of the adjacent membrane. 
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provided to supply coolant fluids. Various methods of producing the grooves have been 
described, for example it has been proposed to form such grooves by machining, embossing or 
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International patent application No. WOO 1/04982 disclosed a method of machining flow field 
plates by means of applying a resist or mask to a plate and then using sandblasting (or other 
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machining), to form features corresponding to a pattern formed in the mask or resist. 
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vvvnii/wt7^/. i.>» iiiiAii MiM/iimi iit~:if-:iii 111 n\ mi n ri v us yivmu sum iiii-iii iixi.k umniiii 111 i-^iiHnii-. int-: 

invention. 

in practice, the majority of plates made to date have been formed by milling the channels. It has 
been viewed as a drawback in the past that in milling, tool wear can result in a tapered channeL 

rjfl x — i_ j. x 11 _ /^~\ __i! 'i__.l1__^t.__:_j*. r j-i _i • jt , • i , 

i 1 1 i-~ i >i r l {— ■ i iv iiiii rpnini v fnTiirm iMnu- 1 i itv nrr^nn i \/ inn Mim ic Tn xr^-rm thp fnannpic unrn oti-oi rrriT 

kbvpvA -«--«-'—• V. JL VUUJLA^ v/ \J AJ. i-J. v i A vn/ i w , v_X j. XXX fc*X X X Jf LJ-JLW WXXXX XU L-W XV/111I U.XV VJLXMJLlllVJ.k} VV1U1 JULUlKlll 

An assembled body of flow field plates and membranes with associated fuel and oxidant supplv 
manifolds is often referred to a fuel cell stack, 

a 1x1 _1_ xi j__ i 1 J '1i i i n r* -i • j i i • 1 • • # -i 

UUXvUgiX WAV I.WAAJ.AUAV f-yj uwvxAiyvu fcXk^V>r V V/ AaWLJ |_/XV Y VVA UUV1WX XXX VJX \J IV LJj/ VJ W 1*1a\a XXX DV111V 

commercial applications, to achieve wider commercial acceptance there is now a demand to 
reduce the cost of flow field plates and to improve on the range of geometries that can be used 
to improve performance. 
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Yy T O00/4 1 260 describes in detail the advantages and disadvantages of : existing flow field plate 
designs. In particular, it discusses the need to maintain a pressure drop across the plate to 
reduce or eliminate the accumulation of water; and the drawback of increasing the pressure 

Ql TTGrfilltlSj TliHlTl Pil \7 mruPir 1 1 P YPl si 1*1 C STl &VQ~^f w Pfi i iPTiri s: 

^•■^t-JLA. VJk WAAVAWA.^ A.A.MU.A.JLWA^ Jk. -i. Mil UU A. U VAA WA ^"^5 * ^-W-A- -A- ^ ^ 

VV WUU/-T1Z.VJU CtJ-OVJ W-XOVyU-OOWO L1XV./ JL7X W l^lllO \J±. \^VX\_J._Y JLLfllllULiUIl XX^/CXX L' V^XXVXO XXX O VJL UWllllllW WXXCXXXXXVXO . 

The approach to overcoming these various problems suggested by WO00/41260 is to provide a 

• < -t t-t 1 «-« />» t t t . t • • ^ -t -f .< • 

crf--t~n -i rrlrt- Ahonti ol I qH I I / -» 1 1 r f -i iC» I rl t o1-o » i ~r-t r~i +/^» -« /-»-t-»oo ci o 1-|-» I rrt Hi /^i t 1 h-\ o /-» Ki o r~> t~i o> I o o ^ /-I oo-reao cio I - 1~» 01 »* 

DL1 Ql IL UliaililW l^-U. I 1 V J VV JLJiCLLV^. CL1 ILL LW 1 1 IV^l \^CLl7>\_< L±X^/ lUllgLll V _L LXXV_< V_/.LJ.CXXXXXV^XO CXI l\JL UL/UI^/Ul)^ L11V11 

width in comparison with earlier straight channelled flow field plates. 

Wit If 111 / /I I '/Kl I nln/^ ah nnon -f-l-\ /ifOTTrK r-» /-» /-a +- r»r»r»i ■f-i /-\-+*\ t-t I -»-v~» -i I 1 -» 1~\ rr -f-y"\/"\ I ci "t~ /""»■*■• -t~v~i r» Is-i-n rr m 1 /~v li 

vy vywvj/"ri-MJVi CXXDU LiiD^U-^^^^ ljliw uiavYUawivrt wx uun v uiiLiuiiai xxiiixiixii lwwxo iui aijlcljewjljljl^ c»«.vxx 

channels, and particularly the tool wear that makes it difficult to reproducibly form narrow 

i_-IIClIiiICI5 Ui Cl WIU-UI, X lie- SUggCS UUJLI ill yy www/ <-f i aiju i>> Liiai SUl/JUL ilCUXU W L/ilOilXl^iS 

-I i-i t 1" t * TT 1 J* 1 • tl 1 ' 

nrkiitn k\o t^r*r^r*n mAiimi-nrr otnrtAccn'nnr h An/ot^Ar mAii minrr r\-t- Atn rtACCinfT rn^ i otao 

VWUIU U/V/ UJLWUUV^^U V IIIV/UIUUIC V/X L/VJJ XXX . X J-Vy VV ^ V Wl llIV/UJLUUiC WX VlllUV/JOUiC. UiU U1U.LVO 

X. S « — ' < — •• « — ' JL 

limits the materials from which they can be made so that a compromise between fine features 

CUJ.U- xiicLLwxio-i ixujngmgD wuuiu iiclv\^ lw ww xiiciu-w. 



The applicants have realised that if channels with reproducibly dimmishing cross-section could 
be formed in flow field plates then the diminishing cross-section could be used to provide a 

• rv _ i xi _ _ • i . . .. ■ .. _ ; _ ■ j jt_ _ 

Ui4.li.ViJ.xi i^i. wuu u-j. v v*i v_/ uvivuu Liiv ^/ jl Lttv u^iivt wi v v iviw v Lxi y nif^ vuii j ii i>-^ vu/wu-vii. y UV1VUU 1~11W 

JL 1 1 *^ - *r 

pi ate. ouui ixiiiiiiii siiiii^ uuss-sewuuii uiioiiiiciis wumu u<s ui aixvaiiLa^^ iui axxxiusi aiiy nw w xxcxu 

Ulil^iy LilC jJiCSCU.il liiVCilLlUii pi U V 1LLC/5 Cl iiUVY Xl^ILL piilLC: iUi Cl piULUii i_iiClli^C iilGiiiUi OliQ 

fuel cell or electrol^v^ser comprising at least one channel extending from a source of fluid to a 
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til aii /o or tlie cross- sectional area at source or drain respectively* 

Preferably the cross-sectional area of said channel at drain or source is less than 75% of the 



WXVjj>j»-c»c;wiiwxxCLX CUC a cll .mjlli^ wjl ui am i mcl,m y v , 



The channel may cross an electrochemicaliy active region in the flow field, with the cross- 
sectional area 01 saiu wxxaxxxxwx a l one smg »„»x scuu eiecu.o^nemi^'aiiy awnv^ ic^ion wciii^, ic^2» uiaii 
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rurtxier uciaus ui mc mvcnuuii will ucw;me appaiciii uluijul liio waims axxu uig luuuwmg 
description with reference to the drawings in which: - 

Fig. 1 shows schematically in part section a part of a fluid flow plate incorporating gas delivery 
— — — ~ ' * ~ - * — ^ » i » * ~i i j j 1 * *^ * ■ "t j • n 

CnSimcib aim ^as uiuusiuu oxiaxuxcxs xuxxxx^ix uv axx auiaDiviy clix uia^u Lwumnuuu i^cxAxvxi^xu-oLxxx&y. 
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I 1 £i . ^ DliU VV i3 l^^/XA^XXXCXLX^/CXXXJ' LA JJLXX LXLAA V 1VVY VJL -A AXW V T Mll*tw AjuwvAjjviww.iih £2 W -' V*WXX * vl^J 

channels and gas diffusion channels. 

^ "_? in *-» r-i /-»T-» /-v-«-»-k «-» /1*TnTnVi r-r il 0+1*0 "fit** rr rvn ^- •***■■ otp. r\ r\ r\-r nnrl i tti n rr o r»n o nn <=»l * 

i'IV : _> J.£> CX SWXICiilXa-LXW' lUaWIUg I I I UbU aLlllg Ull^ XXXV^LXXWVA WX I^XXVA\^A ^LXLLXXXC LA VllUlUlWl, 

Fig. 4 is a schematic drawing showing by way of example limitations of the technique of tiie 
meinou 01 rig. j, 

f-i * c • -i j * - i i " xr i i xl 3 _ x? x? 1 — iu« J — P T7 -I r» O • 

J_ AC. «_y XU M< OVllVllAU/Li-V VXJL.l_VTTJLJLJL.fc_, U1XVJ r T XXXfc-, M. Jl, t-*~I- l/AJLVJl 1.U.VUJ.VU V Jk. ^VllUJ.UliUg ~-^--_ ««* w — — «~p » *— J 

JTX^. U X>> a bL/IXCXXiaiXU UXa WXXXg OXXU WlUg ^LlXX XUI luui h ilvUIUU V' i uL.iiUiiiunt lxxw iiivujLuu wa. x xc,. 

r ig. / ib a SCxxemaLxC uxttvyxxxg sxiuvyxxx^ xxx paiTlax plan a wxxclxxliwx xxx a. IxOW xx^itx uia.nu. 

T-Nrr x ip o ci/-»Vi/=.-n-iafir» nramnnfr -in -ntarx-i sil nmn onoWlT'tT H m lrilif^r oll^TlTiel ! ^ flriW flPilrl rilRtf 5 :* 

X X&. t_J Xl3 C4. l) VJL1 VillU I. J, V/ VJ.1UW HJ-fc XXX k/lXJ. L-XL4-X jJJ.u-J.J- UUV V T mig v* xv*x UL-vx vaj.-u.jxxwa j-ajl «-*- xaw »t L^-*.wS*--W^ 

JTi^,. ^ lb a SCnematlC uxtivyxxig in partial pxaxx siiuw iiiv a vcl xlixlxxcx wxxcxi u i t/x m <x nuw xiuiu. uiait,. 

it ■« /\ • i 1 • -i • i • i i j x: j a* - X" XT1 j-_ J 

Nirr una o pnnAir>QTi/^ nra^/inn- cnrvwinrr in cippti nn ynn ynPTTivin\/p civrivii iiciif in ni i i f i \a/ 

X X^. X\J lO CX OVllUlllUU^ UlUVYlllft CXlUVrmft XXX UWLIV/xj. -Uiu t*xi-wxxxfc*.»-x t w wxxuw^. u*v-.xwaa ^ ^ »- -»-^~"-^- 
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-w— . • •« >i • -i , • « r» i -f ■ nt p 1 J 1 J 

I I -in n n /-» l-i oti A \7lOTTr AT O r» hi Qnn Al 1« O Tl AXl/" TlO-lin TMQTP" 

1_ ' ^ - X X i-O CL ^VXX^-'XXJ.CtLJ.^-' Vl^ VV \J X CA ^/XXCXJLXXXWA XXX LA XXW VV 

i o i ? iv :h Qr-MRrnatir vipw nf h tlnw fielH nlpita v^eoTTielrv: 

Fig, 1 3 is a schematic view of a farther flow field plate geometry; 
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ic view illustrating the use of a multiple headed gun. 



liae toilowing aescnption win reter to tne manuiacrure or now xieia piaies oy aorasive oi£ 
(sandblasting) through a resist, but aspects of the invention are not limited to this method of 



4 



WO 02/065565 PCT/GBU2/UU47V 



T* _ .1 _ 1 _ xl_ J _ 1 7 .__ J - J Z 1 " { " I . ^ L» ~ -.~ -~ ^1 n L».-^-. «■» t r»U « «-t LW-»>*-» /-h t t/-v U» I <-» n+iv» <-»- -*-v> r»x T 

xo 101m Dutn gets delivery anu gas (jlihuhluil isimimas a icuiiiiiquc suuu a& auidsiyc nm^uny ma v 
be used in which a template or resist is placed against the surface of a plate, the template or 
resist having a pattern corresponding to the desired channel geometry. Such a technique is 



ji :i_ _ j : ._ TiTr\m i f\ a i_ ^ „ i_ j _ ^_ 

/ 1 £-*<sM -.n rx t-*i 1 in vv i HI I /I WHICH IS Mil 
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corporated herein in its entirety as enabling the present 



wun Tmc I f • rin 1 I 



technique the plates may be formed from a graphite/resin composite or other non- 
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X L V UW Ul UUlUOl YV UXUO XXX tXlsXX k/lVlVlAVU 4-kJ MJLV w*.uv VA wia WiJ. wjiiauh t » w«.<,wx | j. wvvaj.^.^-k.^a^ j-i-* 

generally found to be too aggressive for easy control, but with care and good control equipment 
10 would be possible, 

A 1 j j • j 1 1 r* « " . _ _ 1 . X" _i? 2 : l__ J „ xT_ C n i*M 1 r»n r»T-fc1 n-t-Z rvn 

u iT/amQTU/P mprnnnc i v»t- imTrnnu k.iif-ri utii-^ i i-*>i n iri-'v nii'.iiiiii-. mr i isr i l i r.xi .inir.i i>-i:sc-;i ^iim/Iikiii i ii 

chemical etching, but neither process offers the low cost achievable by the present process. 

t. • r* -i • ,t ,1 • , 1 j 1 1,1 _ r-i r* i l_ _ r- ji : x"x*_ . x J „ixi_ . j x ~ xl 
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15 formed in its surface. Because of the shadowing effect of the resist used in forming the channel 

i Ti h» r>hsmnt*\ i« ftYnncp^ tri vat iHblaQt err it p.rimiria Pitfar.tivftlv nnlv trniTi directlv above. This leads 

to a generally semicircular profile to the channel and to a shallow cutting of the channel. 

For progressively larger channels (103 and 104) the resist casts less of a shadow allowing 
sandblasting grit from a progressively wider range of angles to strike the surface of the flow 

cutting of the surface and a progressively flatter bottom to 
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lying a resist with different width channels to a plate and exposing the plate 
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However the length of the passage material has to travel is high since a convoluted path is 

gCJLICl CLxLJ Li C U . 
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Another system in which the aim is to supply reactant uniformly to a reactant surface and to 
remove reacted products is the lung. In the lung an arrangement of progressively finer channels 

• • « <~ « .<.»■« 1 . » . • . • . t •» 1 I 1 » « t 1 
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wider channels could be connected end-to-end or arranged as interdigitated networks, with 
10 diffusion through the electrode material providing connectivity. Connection end-to-end 

provides the advantage that a high pressure will be maintained through the channels, assisting 
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The question of interconnected channels vs. blind channels depends on which side of the 
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cannot oe aiina enucu, ct^ Lms wuuia L-ctubc ilooamg. interaigitatea win msu l»o tncicy umess a 
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VII 71 ^ Irt lJr>L_vl t Cl.r> II IU UUl IllUaUIII L\ Ul LI 1V_/ L/1LVL1UUW lO llUl AAA^AA. IIILVIUXCILULUU WAACJU.AAAV-'AiJ UJ.OU AV^iJUlVt 

the removal of impurities from the supply gas. Accordingly, the model wherein the branched 

ZU LliaiiiiCIS JL'III CIIU IU CIILi UI KXiaiLL LU a iOIg^I L-XiOiUXC± iO ni5igiigii = 

Fig. 2 shows in a schematic plan a portion of a flow field plate having broad primary' gas 

aciivci y untuuicis xut, whilii uivcigc iiilu ScCuiiaary gas liciiy^iv uiiaiiii^i>> iuj vyxxiwn 

themselves diverge into gas diffusion channels 102. Gas diffusion channels 105 can also come 



_ f/' j_t . . ._? .. . J _1 " _t i _ i /\ * : a." - 3 nni - ~i j ~ n ^ ^ , 

/itt rnp nnm'jn/ irav /i/-»ni/Rr /'n^Tinnm; i 1 iza i i r<-"ni in i i TirnriHrv unit v^<:< iiinjii v i i vi-tj v 

VAA LiAAV |_/AAAAAUA y LH^' ^WA-J. T VA VAAUAAAAVAU A. t AA JL W* J.Jt V • Jfc. [JA AAAAV«i^ J ^* »^ »<• w j.^. ^.«^>. j 5 ~~ *■ ^ I j 



zj Liiaiiii^ii may eaCH lOTTSX a nctWOrK l»jl progressively iXAici CnanneiS a& i,l ^y ti.JLv gtio uiuuniuii 

channels and the arrangement of the channels may resemble a fractal arrangement. 

1 iirt iu 1 1 1 im r v u/js / jrj * vnj v i;i i/iniiri\ ijm v im vr /i wjijjjj 111 mi rr^f 1 1 - ;* iij^jij i iiiim. jiij ^ j i j i ^ i v~ ^ i jij^i 
Otvi-m A <t-c rt-k-J i-»r»1 /-I c»-f-N-fVi At /-»T^ o /-» h» o -r» 1-1 <=k1 1* f-i A O ^ITHTI nnt A o-r\rl\ ic 1.TY11 fori An Ti^r Trio n<=»/3>/i f a ng\rp 

^111111. A—V L^jJlV^a-l -VA\-/LJLAA WA OUUll CA IvljailllVjl AO U.^^llUli L/UL VJ-WJL/ LAA AO AllllllVVA V'AAJLJ «-/ J LAAV AAVVU. A1LA V W 

sufficient strength in the flow field plate after forming the channel. The secondary gas delivery 
30 channels may have a width of less than liiim, for example 0.5mm and. using the sandblasting 
techniaue mav be shallower than the nrimarv sas deliver 1 / channels. The gas diffusion channels 

A. «/ A. mf 

\/P m / llii n \ If^QQ tl~M n (J ^ VlTI TTI TOT GY^TtlTll G R HOI it 1 I ) ( ) I J TYi >imm ITiPiV hp> S m 3 ! i OWcf S ll ! s 

AALA T V M- T T AVAUA W J. W LAAVfcAA v . — ^ j_ w JL. VJALAAAApAW ' »- J. V V f<VXJ.A WW.A'M- AAAU j — ■ ■ ———•--» 



WO 02/065565 



-__■__ ^ ■* FBI / -_T"__ _T~V ______ / _TV _r_ 4 ___r 

PCT/GBU2/UU47V 



The flow field plates may be used with a gas diffusion layer, or the gas diffusion channels may 
be provided in a sufficient density over the surface of the flow field plate to provide sufficient 

gci?* Lt^n v wJTy LXIctL <x gels tIlii_Li&lUJJl tcijGL TTiHy l/c mi* ,f f, i.f.ci i r 

when acting as a met ceii, me gas delivery cnanneis deliver gas to tne gas auiusion cnanneis 
5 which disperse the gas across the face of the flow field plate. When acting as an electrolyser the 

i • _-»_-» • -t -f .i • . _ r» . -i /"» r> ,1 rt _-«»__ 1 _ ■» _ -i 

rrnci /iirmcii/-\'n ohotMioiio o/-»i- i-_~v •*•/___/*» <___1 t rex _-!-__» rroo _■>#•_*__ *v_ o /■»■»«/% cm t-k»^a _-r_/-».Ck at rno f I r\Tt r nom -f-MoT^ o v. n rno 

tlCXO UlllUOlVJll V-'il CLi 1 1 1 V_< 1 l"> UUL Lw" X wWWX V LI 1 w fciClO LLU1U ClUIUOO LI 1 V_/ XCtw V_/ V7X ilW VV XXwXVJ. U1UIU CIXX\X LXXV 

<_ i «_-> J. 

_ _ _. _i _ i * _1_ _ i _ _i _ i ■ _ _ r»_ .. __ i .____*__ __ 

fT_a<_ / 1 r-» n \ / _-m~\/ cnynnpi npnAAPr thp xr_J*_. tmt r*ni iHfnnn 

•— , _XI_J WI-WXX V VX y VJ.1WJ111V1U UVAX V WX. HAV u-u i\_/Jl WW XX WW HV-'AJL. 

For the sandblasting technique, the limit on channel width is a function of the mask thickness 

1 • i1 lit, T TH» <T>*>T i • 1 /_-— 11 1 • -'— * TTH\ j1 * 1 i 

no/an in mo cann k\iqot •nr^^iapc! i m a fTO k»rn i m m QTPn a i c n nrnir>annp i nm i ix i a to Trnr^i/^ cit 

UOVU 11A HIV JU.JL1U L^ILLO L JJILTWOU. XlllU-fcU X X ♦«_/ IXAWlWiWIJ UXIXUXXXIV wV-'lJL/. X— > V-* 1 * LUV V wx J L1I1VAV CVI, 

irk 1 » s _ i7 1 .-._-,-_ T - ' L-» „ -,1 1- — „,J Jil- -i- „ _-_U_ _--_-. -.4- 1 HA -_-___.- _-__*._-_ /~\4-L-. /-.I- ._-_- _-.-l-^-_._J -.I ,-, -*<-__-. _"» a 

ill ixi i i i 1 1 :i t 1 1 1 iii rsr; iimskn iiiiiii i i sti _k va/iiiiii hi >-t ■ it • i i i mm; i i i ic.i i his i # i i ir~;i iimnk nmiri mi.s i m i i i »n 



spray coated onto tne suDstrate ana exposed m situ, t nese materials are mucn more resilient ana 

nP>T.r-p> f\ar\ rip; tmir-Ti tT-iinnftr r^."hmiri5iliri<a .nRYTM r-.^ri hp; nc^f 1 in Pitoli i^fi mVlF-q fjnwn in 1 ri-9ri 



microns wide. 

T L4.X u,u JL11U.UJ.V uy xiiu y w»w wt-uwvx, 

15 a) adhesively mounted sheet masks 

IX / 1 • 11 • _ • i • _ _ __ ____ x.1 ....... 1 . . __.1___1 

r\ i rnnoi^o i n <jt „r/= urvn 1 1 1 nv namnnrr _r.r'j\nn < r *_ f '-r.-»f-» t~i nnnnnti nr _-inx/ _-_rn<=»"r «_nr«n iti . ri < 1 1 

l-/ / ii.-.UUlVU MXUl 1-4 1. W U _ J _ JJI ' iVU K-^l-*-XJLX».XJ.A^n w J^/X. «-t-_y 111^; U WX W WAX XXX Llllf-, WX W l-XXWX JL11W.A4.VU 

_^~_ «^_ *w _• _r~v-*^ -_- L-» ^-_ _^J <w #-_ w «m y^v ^-J < _^~v -4- "4- L-» y- » _— v t _-^^ _r-% ^1 «4- _— v-*-^ 4-*++ /~v _^_ r\ v^l v^w /— i I y i*V I *<r t «*«^^-«*^^ _^-v T"^"v .r*_ /"» _T"i 

LU UUYCA m IC- UC?> ? 1 d-1 >\ m JLcXL-G iji LIIC ClI LIU'IC CXXWX LUCil Li CCltGd LC J.jwJ.C^LI V CJL^y iCiJUUyG illCclS 

\ iiii t • j j i 

r» i inQC i^c tkiot ova _n-M-»n<=>>n on/i -ro_no^n 

w» XXXUJXVJ UJ.UL CLX V-' UL/k/lXVU ctxxvx xvuovu 

X X 

d) masks that are directly printed or applied to the surface (e.g. by ink blast printing) 

20 the invention is not restricted to anv particular form of mask, but tvr>es b) and d N ) lend 
themselves most readily to mass production. 

Of course, the abrasive material used in the abrasive blast must have a finer T3 article size than 

> X 

the feature to be formed. However, finer particle size leads to a lessening in the abrasion rate. 

■ 

The applicants have found it useful to use a relatively coarse abrasive material in the blast (e.g. 

r- r\ , r\ r- r\ 1* . *1 • i • • , \ f" ,i • 1 1 1 P 11 1 t f» 

i **\ -\i mm ta /-m mm momPTpr cinr»o rxr c.ini-nir>Q rrriT i rrx T/^ii-n rnp \* 7» /n /=» r* n cmTi<=» i c thi imTron r\\7 nee* r\T cj 

~/UM<XXX LU *£__. ^ \_/ UrXXX UXUX1XWIW1 U111VU V^X W.X LXXXXXi.XCX CXXLI Lw" XUXXXX UXV VYXUV VIIUIULIWIO, X.UXXU VWU U Y WJV V-»JL t-V 
I * w ✓ ^ 

4^ I -^_ -.1 /' „ iC "l #~\ . J_ 4 „T1 _ _-^__ „ 1 , 1 _-. - _- J-\ 4- _ + U. „ 4-Z .-._. -C 4--____-,^-. 

i mr. hi ii hsi vr. i n^in i/ii ir v i— / i ri 1 1 i i i i i n 1 1 it— .i r.i \i iii t ,>i in hiiiiiiiioi ui n i 1 1 i 1 1 1 1 ■ l i i i it— i i i ir^i i t^.'^t mm r^x 

x-Xrt W_fXJL_'l CXil XLXiLI.l^X L ' wl W VV . LXXw wV7CLl >->w Clll\X JLlIlC XXX CtLCI XCLlxX lllCL^V L'^ 1 1 11AUU CtXXSJ. aiJUll_L.U 111 t_/XAV-/ _>H_/L.. 

Tnp t inx/^-rifir.Ti i o tint ninitf-n fr. «sr.\7 T.CiTTir»iil Qnri.«i\/P m «f F^t^i wl 

X_ XXW XXX V WXX l,X W XX XU XXW* XXXXXX w<- ».w Ui_ J [_/ Ul Ul W W1U1 U.I_/XbUJX r W llXU.Vl X _xx • 
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Preferred materials for the plate are graphite, carbon-carbon composites, or carbon-resin 



IU 



t_ i f I I jj (J SI LCS * 



I I ^-wr -rjr^^m- t + Ia — k -« aa t a. _a _ -t /-i -»a vnrtfm + — k aaa. »-\ n In —if* ri tv\ — «"c 7- Ia. a_ n n r~\ +y-v+« x r 



, « -1 1 • -i -i >•■• •iii -i » r» ■» # 

' i "I L" __1 j i_ i i — C „ 1 J A „ 1 „ i„ J J- — - "PIa a. „ ^4-1 ^ sJ^.r.^-rrZ ^ ~ TT'J „ O 

i nr: usit^ in uriuiMi iiix.sjis 01 >iniHsivr iiiHtriMiN k Hii\/Hiii>iur.iiiis 1 1 ir si ,1 in 1 i/ii h , iimwiiiv hi r i m -» 

« * ' — ' * ^ A - - - - j ^ - j_ _A"fc-f \_. i. .- Jk. V *- . . _i. . . . ■ ^A* ■ *A* ~- . Ak/ W»h ^* » ' M« a«*«A>^a, A*- «Ak^ • ' V Art — AAA *■- A ~ " ■ »a* » I - — ~ ^' * A. -"- ^- , • ' 

-« "t A. /~» 

M-r CU1U AACL~t CLAA UUL/1 LUL U - J VAA 



A1 • i _ _ * _ _ j. _ _T J_t 1 j 1 i._ ^ 1 1 _1 1- : _ T _ C J 1 

lin/im t^; i\ nry <jt a m yipn 1 nrr^iPfTP^i i n "rr a i ion mf^ tinprriirp -s nwv ynrMnnn i r u-* i t l t e-»r i >i i cvi inp 

VV 1VHJLJL VV V- XL/AUDI V W lilUlVilUlU A \J | W W bV\i UJLJUL y/ L4-^ll U.1W U|JVX LUJ. V — ' JU JLk-VU Ci>V J. UUvU WAV AAAV* t WJL JU W-l V A. 1-ii.V 

pi cue lu produce <x void 01 aepui a v cuiu wiutn. w v - Assminng men iiu pen liui uuuiiL.ea oacK 



iiwiii Li iy vv ui ounauL/ ^ ui lij.^ v v^a^j. t vv jlljlj. ouiiiuiwiii, ouvn&tu iu u,i_/x CLvX^ liiv jlv/-viiu.ujliu aiuxuv^ w« 

it can be seen that the mimmum angle a of the re-entrant surface is determined by the lowest 

I Ia 

aii^xe i_»± ajjjjJLuawii i_»x jjaiiiwicj> ia_j l. i_.it- ci|_»tvi mi ^ j , ± iit-L^ 



VV/1U VV AU.L11 WU11 l/V 
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I r ia?A» »;/^-^-^ /a. \ 
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V V ' ' 1' IJ • 



t I— 
ID 



As examples, i able 1 below gives calculated void widths based on an assumed resist thickness 
ox 0.125imii and varying sizes of aperture and desired depths. 



T A u*T T7 1 

JL I JlJ A 


d r (mm) 


w r (mm) 


/ \ 

\\t ... i mrn i 

» » V V JLJLJLJLJLa / 


J / \ 

I 1__ 1 TTlTn 1 
v»v \ / 


0.125 


0.75 


6.75 


n ^ 


r\ -t r\ /- 
ll I / ^ 


I 1 ^ 


r * 


y\ r- 
i i 


U.iZj 


C\ o 


1 Q 

X .O 


A C 


ii 1 / S 

V/. A A-*/ 


r\ -* 
1 1 I 

V/. A 




l l "> 

\j 




U. / D 




A O ^ 


0.125 


0.5 


2.5 




U. IZJ 


0.2 


i 
i 


A O ^ 
U.ZJ 


0,125 


0.1 




0.25 



In practice, sandblasting does not produce a mathematical point sized cutting tool and such 
would be required to produce a void of the shape shown in Fig. 3. Also, the angle of undercut 



jMlijij.Mi^.rpii 15 c_i r^jj — 



"! ilJ.t~U.Il. I J j,.n. iTl, illl^I"" UI IIIa-^LC±C~I1UC~ UX LUC' ClL-'I £151 Y jJO-A LlVyAV>0 LJXUiXtAWCiiX Uy LXI -- 



sandblast, nrovided that this is not shallower than a. If the ansle of incidence of the abrasive 
particles produced by the sandblast is shallower than a then the plate 2 will be in the shadow of 



tire resist and little or no abrasion ot the surface by the sandblast win occur. 
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In practice a void shape somewhat as shown in Fig. 4 would be likely to result from a uniform 
sandblasting from a range of different directions from directions 'A 1 to f B' and the angle of 
undercut produced would be B A and B B respectively, which will be close to the angles between 



xi _ci J: x : _ a i t~~> _ f* j i . _ _i : x_ : _i j _ i: i x _ xl j_- c xi l _ x _ 

» riH ri/iw nirpt'.iifm aa mthi i-* iyi t m*-» m rn~n sii \/ *-» ti 1 h i f-ri h i h ru i h iitih nnrmni in i riM imi-p oi inp tiihip 

WXAW A A V,.- Y T UAJL W MA V/XX X -X. A.A A J- ^— * J— ^ X i^X.X.^' WCAMrk/l- ▼ A.- 1 VA A WVX \~-V-A X A_* WA- AAXJ-W -». ^— ' -* A A WV A. A- W VXXW X_«~*W WX bAXV f-' A. V- . 

V 1 .4 » -4 4 1 4 .'A -« • .4 4 , "A 4 m 4 4 4 .4 

/ /V -4* f"V l"A l"A 4-\ y-l l-fc I #*| /-t4- -*^TT4 I I T Trt *"1 A^l a»X A"A-A~ A~"Y J*~V A~A -f- A - 4 4 T I' /~A f^T /"A A— \ . — I l**A 4" l-A 4A% f-fr I /*V "V +- 1 y-| >~A~1 1+ tTTH I I 4*^ .-"V 4" A ~V> fA 4~ 4* rfT* 

LIIVI' rsHTlC III I «a:si. w ±11 IXi-XYC ci LXG^IC't l _> J_ UI VGIgCiiiug LXXC CULi^IC »_'_!_ U I JL i_i i~aJ_ ^ J L4 L W±±l XI 1 -' I XXX«LXLWIX LXX^S 

Ull&lVU UX 11U V V UX1 VVUU11 x. X UJLXU- J-' V^VUVM y f . illVJW Wxx&lVO C4.X. V UJLJ.U y V 1A l*U 4-JLJLV U UiiAV XXX JL X . I L>> l^-L- 

need not be so. 

n n lofrro avtnnt -ri-i <_> ,;rvi/i cHAn^o nnn i-> a Tm l r\t-£±/-t K\ir iiii*/antinrT -i Travan r cin*ati rrrn iMoprn ttatt. 

X \J CL 1CU g\j LI 1 V_/ VU1U OXICLJLJV-/ UU11 L,' LailUlWU Ly_V Uli V^ULlllg \-4-JLJLJLV^x OllL Oll^llgUl L/xCLO Li3 IIVJIU 

different directions, or by directing the blasts for different times from different directions, or by 
10 a combination of both. As an example, a void as shown in Fig, 5 could be produced by 
successively blasting from directions 'A ? and ! B ! to provide voids 4 meeting at neck 8. 

It will be annreciated that Figs. 3 to 5 are schematic., and exaggerated in showing the resist as 



having a great thickness, ihis means that the degree of undercut is shown as small. In practice. 

w.fn h fliiM rRQ.vf sh hi orhl v nnHftrnnt i rl r -inn arlii^/'Pn RnwrVPir mr crri^afpr Ihr anaip r, f 

y t xhxx kx xx xxx x x va/xvv^ lx xxx^xxx _^ mua%xva v v*v r ^x-x^x. vmaa w i_x> vj._a.-A ■h-' r -vfc-x* j- x- w r v p w- .a ^ mxv ^f—_j a. v » _ -w- ». mxv mhak-ja v w j. 

4 .4 . 4 . .4 4 . 4 ■ 4 M .444 ... .. f ■ 14 • 4 /■* 

LAXXLL^X WtXL JJ 3 IXXtj I I 1 1 1 II 1CI LXXC/ WVCXXXCIXX^ / Llj tXXC^ V iJXkX ^ VYXXX U& dX- XLi5 lXj_' s X XJLt, ciXyj^'XiJjJXX«3.-l-ti CUI^X^i 4_»X 

. i j n r*_ - . • _ j. _ • i * n _i _ _ 1 ...... j.i . _ j _._ j_i _.___.*_ _i r*_ . x_i _ _ i • _ _ x_* _ . _ 

lmnwpiiT 1 1 \r~ ia m^/f^n mtiiPHfli \\n i i fipnpnn nnnTi inp crrprim n rp/ 1 mff-»n tot i tip ^-nn n nun / 

UJLIUUXVUI. J ' XV/X v_L f — , A V WAX HXU.tVXlU.1 V T XXX UV^VilU. ti|JUll U.XV UtXVll^lXl X w v-| U.11 W \X XUJL ULXV U.|J |yXJLVWUVXX« 

/YuVantageOUSi^y uic aii^ic ui uiiuerCUt IS ^iccttcx lixoxa sjsj 7 axxtx jjx cic-x auiy gxotxLcx lxxoxx ju . jlyxuic 

C 11 j 1 -l r* -i »• i ii ii /^o x -i r» i m r> 1 ii y /-vr\ 

-rvr'fix -t-t-vfa t-\ i t r Tr» Qrinrio /~\T nt-»n or^nr i o nrAOT/ar Than zii i~ /\ nrrl /=^o r\-r iTnn<arr»nT at i pcc t r» on i v ana 

JU/X Ci-L/A^V Ui-iV_/ tXiX&XS^ WX LXXx\_X\^X VUU XO &1VUIV1 UlUli ~T\J . V/X U1J.UV1VUL KJ X IVJO ULXCtXX WW UAV 

preferred for strength, although angles beyond this are possible and indeed advantageous for 



As is illustrated in Fig. 6, if the mask aperture spacing and blast directions are appropriately 

CxxO&en, a jjaxx ui uxuj>qxv iMaugu vuius t xxxav xxxcxgw cil a xxwwxs, o lO xuxxxx a dxxx^xc yuxu wuxxxxwolxix^ 

adjacent ports 9 and 10 at the surface. 

x iic appxlCailOii ui txub Lcuuiiquc lu uic iiiaixuxciuLuxc Ox xxuw xxcxu pxa,Lc?s x>> IxxUSuaiea XIX jtx^s. / 

25 to 9. in which a plate 1 1 has a fluid entry port 12. As shown in Fig. 7, the fluid entry port 12 

x_ _x xi xT' j? x I „l_x_ i x _ _ _i i ii ^-ii 1 ii 1 j , i /i .1 _x~ :x_ 

ci innf->ri y mi int- 1 ; viitimi *ft i\\ i hp ri i m i <-* i in m rn^Tmpi \ ~\ i n:HTiTif-M i "\ nnv piiupx iu nHiirnnu lis: 

W UiillV V V- kXXW V»7 W*-X XMW WX bXXW |JAlXkV X V U. VUUAJUIA »p»'X X . V^UWAAAAVA X. ^ 1AMU «^^X^_,WA^ X. t W V XXXXXXA^, A WU 

■ 4 4 .4 . * ■■ < 4 4 ^ — . 4 .4.4 ..4.. 4 4 4 /"» .4 4 J .4 

wxlilxx at ixxw o uiiOA't- iiic k> i laiiii^i 1 _> xxcxs <a gicciL^x yyxu-Lxx wxixxxxx LQC UvJiXy ui uic jjiaic. _i_ luclxx dX 



T"Ti<=k tq^p nT f 1 np r\1 qtp 1 'jnn tt-iq^t - Tio^sr/a fXr ovatYinlp a orn c o c/-»pfinr» ao in *,it i \/ f^i^T7irrc fr\ ^ 
wiv jluvi/ wx mv tyjiui-v x ixixvx xxxix^r xxu r v. lux ua txixxj^'x^'j t* viuou uwtivu c*l? xxx j_ x x ^ x-w ^5 



which the mouth of the eliaxmel cro ss-section is narrower than the interior of the channel cross- 
30 section within the body of the plate. 
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iiiG moAiiuuiu yyiuui ui uic L/iiajuLLici u is siio-wii as imcs u. ouuu a jlluw jllciu [Jifcuc can uavc 

shallower channels than a narrow parallel-sided channel of equivalent cross sectional area and 



tins enables thixmcr flow field plates to be used. Gas channels in typical bipolar plates are ox 
square or rectangular section and are millimetric in size. E.g. Ballard™ plates have a 2.5mm 

_______ J * _ 1 1 A TT- C~1 T'TV X 1/1 1 1 i1 j • /-V r\ • 1 1 r\ 1 

U\H I*U1V OVVLlVJli VXJLU.lJJ.lVAi X XX V-T MIUIVO 1J.UVV CX VX1U1JULXV1 tllUL X.O \_/ . JLLJJL1 JL VV XVO.W 1/ V \J . W 1 1 11 1 1 UULfU. 

J. ^ x 

Taking a channel of the cross-section of Fig. 3, from basic geometry, the cross- sectional area of 



tne cnannei win De equal to:- 



-i. J ) O / 1 / -3 / J / j \\ 

\a/_ ■ (I., -r y • i voi 1 1„_/ i hi in i i 



j ■ i ■_ - "f *S "f j j*1 - • * 

JL CJ.l / I UCAOVV ^ l_l .!_.!. .1. j_J C\ I V,. l> l_y I 1.3.1 I I it_>ir. AJL1£!AJ \T, IAJ LXJLv jJI C^SwXil AJLJLV dXtiUIi CIS 
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undercut is achievable than for a narrow channel. Also, the thickness of the resist will affect the 
angle a. Accordingly, by varying the width of channels and/ or the thickness ot resist it is 
possible to provide channels of differing degree of undercut by using the shadow of the resist. 

Fig. 8 shows a similar geometry to Fig. 7, but made by piercing the plate at a iiLxmber of ports 
1 6 and undercutting around these ports to define the channel 1 3 . In this arrangement the 
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connecting puits in the iticc. 
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blasting from different directions, multiple guns may be used, so that the 



Qnracn/p tri 



_ j _ * _ i _. j ' x. _ ji £V _ _ _ _ i i : x__^ c xi j* j-Z . x- " ^i 

caTPrnjic «t-i^» niTHfiPfi irniTi nmrnniv mi iiii\a/ /iiTHr.nfmv it. htih iitipi Hiiiirr i n >i viiiui 
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^tlii Call L»w UbCU SUUUGSSiyCiJ iiUlil LUiiCI C-JLJLL U-iI^i_ LIUII^^, KJJl illUlTipiO ^UiJLD k^OLl US Ll^^u 

successively from different directions. For example a sandblasting head comprising two or 
more guns mounted to direct their blasts in non-parallel directions (e.g. directions A and 13 in 
Fig/3) can be traversed over a flow field plate. 
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As tiie blast sweeps across it will in errect successively expose me apenure in ine resisx 10 oiasxs 
from directions A and B. A similar effect could be achieved by successively traversing guns 
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non-parallel directions, or it could be a separate gun used in a separate operation. 
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and, in a separate normally directed blast, fine abrasives to form non-undercut fine Cxiannels. 
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the direction of the abrasive in one direction, but to adjust the relative angl 
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15 tedmique. An alternative would be to form the channels in a plastic material and then roll the 
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A ftirther alternative method of achieving undercut channels could be to form the flow field 
plate from two or more plates. Fig, 10 shows a central non-porous plate 217 and two plates 218 

i in the side of the plates 218 adjacent the central non-porous 
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other method that appears suitable. Plates 217 and 218 are sandwiched together to form a 
conibined flow field plate in which the flow field is buried within the resulting plate on either 
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with the geometries of Figs. 7 to 9). 
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side only of plate 217, In this ease the plate 217 may optionally have a different geometry of 
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lie applicants have further realised that it channels with repro ducibly uixxxinisliing cross- 



section could be formed in flow field plates then the diminishing cross-section could be used to 
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A progressively dimmishing cliannel tlieretore enables an even pressure clron to be provided 
across the eleetroehemically active region of the flow field. 
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both liquid and vapour. However, as membrane technology improves to allow fuel cell 
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This could make a progressively widening channel advantageous to provide an even pressure 
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The invention could be used for the coolant flow field too. particularly where the number of 
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It could be advantageous not to have a uniformly dimitiishiiig cross- section, so that the pressure 
droD can he controlled across the electrochemicallv active region of the flow field. This would 
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electrode (with or without an intervening gas diffusion layer) and the area of the flow field 
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15 branching flow field geometry. Flow field plate 302 has a plurality of tapering channel 304 

J_ ' * " _ 1 * » 1 L~ — — ™ — A | ' 7 / \ £7 X ^ X-. -. ^ I «-« nU« /-v I ' J. I \C*. ' I ' l^. n V*\ n+*sf \ aln + j-> 1 

* *Y 1T1T1 f-*l * I 1 T 1 I) H I I I f-*l UHS Si I 1 1 111 IV ( ". 11 V-i I I I 1 1"^ I Til 1 111 ;i I I J ET^ I Vi1?S 1 I I ri I I I I I 1 I I I 1 1 , 1 . JUl I. S I ILj Ul II IUir<i l.fll "1^1 111 

X^^w'JkA-*- J-'W W I^AAAh^ M< AMVA j <— > 1^ V* J- J ViAWiHi^A ^ ^3™"" — — — ~ — — ■ — 
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+ kn nlnrt+«nnk/-»rvnrtnl It7 nn+«rQ nr-£»n -ill/ A rlin/ia«t I"* Qtlh Cx I -CI l/l -|-»-| OX/ r\ O r»/^riTl APTPfl r\"\ ? f T'J C 1 niTTllOinn 

LJL iir, CicCtlOCXienilC'Clllj^ aOLl Ve aiwa -/ \/ / - J-\ lij cx\^^i i l wiiaiiii^i — ' w-r xxxtxjf u/*-/ vuiuiuvivu. £ J «-*-'J vaaaawuavaa 

channels 308 which pass from regions of higher to lower pressure. 
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iiUW 1ICIU. piclLC t'Jl lb CtllilUICU III IOlIII IiaVIII^, a 1 U CI 3UpjJIv <ri|_/^i. 1.1x1 ^ i ji cxi luimg xavjvy xa v_/xvx 

pattern 404 (part shown) connects fuel supply aperture 403 to a fuel drain 405. Land 406 is 
configured to receive seals and this configuration may take place either with the foxrnation of 
the flow field or in a separate step, 

25 The oxidant flow field on the underside of flow field plate 402 is the reverse, with oxidant 
flowing in from the outer edge of the flow field plate 402 to an inner drain 407, Several flow 

2 such Sow field tolates mav be used in a common housing as shown in Fig. 14. 
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apertures 412 and oxidant is supplied to and fills the chamber in the spaces 413 between the 
30 stacks. Waste materials from drains 405 and 407 are removed from manifolds either at the same 
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ui course tne wnoie arrangement can do reversed i v oxiaanr up me middle ana raei ax ine 
outside) but for safety reasons the arrangement shown is preferred. With this arrangement it 
would also be possible to fill the fuel sunply anerture 403 with storage means for fuel. This 

X X -IT J X <— ? 
1 1 * 1 j 1 j j 1 "1 _ _ j.1 i 1 .1 1. _ _ . 1. _ _ _ _ _1 

* 

5 The arrangement of Figs, 13 and 14 is not limited to circular flow field plates, although 

irt o* 1 J 1 j i -f * r» 1*1 * * > 11 • ii _ _ i • 

PA«T7DntiA«Qi Timir noin rMQToc ov/^ ropron mi i Of m Trvrrn \1rn1pn rrnrpo n op tc\ nrnnipmci \i/n n cpcuinn 

VVJll V ^XXLXVJXXCXX JLJLU VV U/XCXIUO CU.V IWUVUllCUlUl XXX 1UAXU VYXXX^XX fcl Y VO X XL? W W VT X I.XX l^^IXXXXX4=* 

JL W ■ — ' JU • — ' 

_x. J.1 „ A _ ■ 1 1 , x „ xl \ — 1 J x_ . A ~J _ 1 

hi inp f *f vrru- i r<; a\ pirpiiiyr i >r mvhi u f-»« itfi i-^i i t \t i r it-: srn iv tfihv i it-" 1 , hiivhi iiviuc-^i n is /-* en c.i imi 

axx aii^oixxc>iiL Il> ax*jl ilj ua.L iui f3 l , j. J> 1 .y 1 1 j^vx lII C lu LI 1C xuwi LCil olci.U'Iv nw wuv v^i ; cuxvx clo ollwWlx 1 1 1 

Fig. 13 a hexagonal plate could conveniently be used with fixing holes at the comers to receive 

1 0 T hrp.a d rod S r,r r»tVi fir m pa n s tor ti o b t p/ni ri cr th e st a ck 
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XXO lilOHLlUll^U ttUU V t/. VV11V11 l\Jliiilll& XXV/ VV XJLWXVJJ- L/J UiV^ UUJLUOi YV U1UU L. tWVmU.WU.V, VliJLi.Vi Vlll. 



may be mixed to fonr. a blend. Fig. 1 5 shows an abrasive gun for use in such a technique in 

ax/ n-i r» 1 n ^ r»nrl\r r^fil VitiCj fan i-nr»rvmi-ri it Vii Crh nrPCQiirp OPQ cirrvrVK/ -rill^e 1 r\CiO mti#i hS/m SnrPvii'yp! m P:1i \7f^r\r 
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JJi jJCS KJ\jJ CULIU. JL JLJLC UiiiSL L?i Ctll J_L L'JLJLi JJI[JC? \J\JZ-- LliCtWiS ill CIL'i CL>>I V C JLIL.'1±I UCUYCi v jJijJCC* Vjv/j 

1 f\ a 1 • "I 1 * J 1 L.1 -fj-t , r»1» -t ml 11 l C ' * l* 

onri *-vi i/i tTrtupn moxr t-\o innpnonnpnTitr ^onm i otoh it npctir^n i n iiiqct /^t cii-r in^nrnnriiTina i np 

CXXXVX \JKJ~T VVXXXVXX XXXCXJT l/V/ XXXXXN-'Ly V^XXVX\^XXLX_y JL V&UXULVVX XX UVOJJLVU. X I1V L-iUOU VX LXXX J.1JIVU1 yUJLUUUft HIV 

abrasive passes down pipe 605 which serves to restrict the divergence of the air blast. A typical 

•* ' • .■ -i ■« -i -t -t •) nrt 1 ii "l j"f • "1 "1 "if 

rlitrai«ftQr»Aa 1« r -f-f /^-»^ o I nn«/H h Inntmrt I rl ohAnt III" o Ith 1 rr Y"\ thlfi r»nn f-<=k /111 r»C*r\ hi; 

uivc/i^wiiu^ iii vuiiv wiiuivjuLXCLx DaiiuuiaaLiiiJi vv i y ix i ij. auuuL i vy ; aiLiiuugn lxxxo wcxxi ivuuvwu ljy 

lengthening the pipe 605 or placing an aperture downstream of the pipe 605 exit to remove a 

ZU jJUIUUii UI LUC UI£15L liaVIIxg IIIU>>L UiYCIggiiUC, ±i uCOAiCLt LUC LUast WOli UC SL'Itiau uy >±li_M- IMIii ii^ 

pi 
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ifr\£* /-»-»- rMopinnr o-r» -i -i-v-i r\c»ni n-\ on t or rn<^ p/a«rrp r\T tiia air rtiocr t/^ niT^f^TT it cin An/CJTZC i in rnp i oitt/^t- 

VJX UiaUlllC CXXX 1111UVUJL111V/11L tXL WJL. LliV LXXX LyXLXlJ L. LVf VXX V Ul L. 11 JJLUVYVUyj \ XXX UiV XW.I.I-WX 

JL * — J JL. - V 



vcvsg & lu^t> uf abrasive nioiiicntuni would be seen). 



A multiple headed gun may also be used according to the invention, ihis is advantageous in 

X>_ • .. _ 1_ - i j J _ j_ * i _ j_ _i j _ _i _1 1 _ t^: _ -i/r _1 . c r> i zjA~ i 1 j _ 

inrrmTKr num nnnprfiii MTifi vitmi o ri i - vk ipj i i *n JHTirit-ri r-i 1 xi in siiiiva/v m \j i i i i h i i \a/ i i r i i \a/i i rirnns 

zj 3UZ lOI Simplicity, DUI ll SnOUlQ uc uIlueTSIOOa. Luai Luc mvcmiun mav Li^vu wiui wiiw v_yj. xxjlwxw/ 

heads, and preferably three heads. Each head is mounted on the head such that the angles of 
incidence, 8a and Bb? of the jet of blast material 503 may be varied. To effectively abrade the 

QnriQtrsfp; iA this anal p. is Ii mi tf*H Vw th r thi^laiesS A- of the resist S04- PimH tin p width of the 

aperture in the mask 5 w r as described above. Voids 505 may be formed in the substrate 506 
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rirstiy. tne multiple neaaea gun may simply ne traversea across tiie su&srrate so mat tne jets or 
blast material are directed so as to form an undercut void, 505. For a multiple headed gun 

. . : ~z iA 1 3 _ j.1 1 j ■ „ C j:. -l 3 ~x nno j- - jA i j- j_i x _ 

I -.i lift r vn vino in i t- m t- m . r if-".**! iv i r if-^ itiif/i ~i v Tiif-» i^r mfii v i nr^ -i f--f l >\\ wir ici int-t viir ivitm n l f-rr l vi i r*-* i rmi m 

y (j i i_i VVIL11 £l J.JLCIL L'VJ LUJJULL 15 IAJ± liJLCLL. 
< v<a^Ar»n1ir fr»<a mnlriTxIo Tiaon/ar! rm-n i-v-ioxr rnfafo ortrvnT on nvin ^nx r\nr /-\-f* -fTick r\1 Q11£> r^-r /onn 

^ UVVUAiUl V. LlUb/ XXXUJ-XLXU/Xw' CUU iilUV 1ULUIV Ctl_y W LLL LXXX U/V1J JUU UUL V/X. L 1 .1 V-> U/ J. LLXXV W X \ U0.JLU- 

•/ 7 XT W JL X 

x? — . 1_1 J 1 1 J \ x,1 1 — _ i j j £r\£l . j-1 „ ~i i ._ X J ~ i 1 1 1 1^1 x. 

MiririHriiv iit-^ii it—,1 ijiii'iiimi i i i i i i ir rn>nit— . iii i i ir; si insi i Hit- 1 : n in t :i t-:>\ i 1 1 \\j v\ si iiisihiii ixi i v i :i 1 1 1 1 1 \>t i iiihsi 

±ij_ld i?> i_»axLiwujLa.ii > y aCl v€LiiLa.^*^wLi;L> IOI ^iioliiiii^ mat vuiul> \ji apoITUi^D uuvjuyM tut, csuuoirato aTC 

UA4.VtV4.VLtl, V*-X JLJL JL. \_' JL JLJLJL.A y . V/ JL W >_/ V+ JL. L_7 W ^ v* UXi.X>^i.V U-XJ.^,4.VVJ, (-.Lill J.VJLLVLWJ, UL/VLH- U.4.1 LV/LXL) Vj^M-V VJ" JL. L1AV L/XLUXV VJ" JL 

(and preferably perpendieular to) the plane of the substrate 506 would achieve a similar effect 

X W U/WXL XXX LXX &WUO XXXWCXXX tXXCXk U1V i.\J LtXt-X WXXCXX OJL/ V^^/U W X L11V XJLWtXVX XXXCl^V L>f w IVVL/L 1UVVU. 

If the point of the conical blast meets at the surface of the substrate then the abrasive particles 

XXXCLJ 111LL11V1W Wltil V^CLWJJL VJLIXV-/X. XX UUVVWVWl LXX*-/ JL_/VilJLil. _1l5 UwXVJW Lli*^ O U-JL iabty VJJ tlAW LLLJ l5 l-X LlLL' L11WAI U IW 
1_1 J_ '11 JI _ • _ .11 1 il. . r 1 j f- 

ni^«T i i np«frinp a nirr*ip r \~r pi ithop / mi mp* mirr^pp rpniifmo" onpn mTPrTPrpnpp 

L/4.U.UL VT XXX UVUVJ.J.U'V H. WjX W V ' Jl VAJJ^UV VSXX IJLJLV U WU J.UVV X W»- Wt- VAJiXt, LIViVXl 1411V4. J.VJL VXXW. 

iii me auia^ivt/ uxaot LCLjiiiiiuu& uciwiiueu xn vv kJ\jxi ut-^oZ EnC gun liav^iigj mg piate " jli uxic 

15 direction as the plate moves under the gun in a non-parallel direction so that the blast passes 

?il,iiins i nr i n^iir 1 1 1 h i hsi ri i/tsiiitiii i i is rvii inn i imi i i txr. Mini ixniiii nmv m i i i w/niir: i i ir i iMir is 

1I1U V vU UUL LXXXO li3 lllUI^ UUill jJlVjA. LU UllglllV-'Vjl I . XL li3 V^l IXlllClX Ll.V aU V OilLag.^U UO LA 7 1 1 1 CL-1 1 1 LCXJ.11 Ulll ll't 111 

traversing speeds, but tor geometries that are intended to differ significantly from side to side 

i v cg, LijLdL OI i j. _ / It xnav ijg v_» l auVantage la_i vaiy gimci Li±e- ^'c t-Li ui li±& guii ui ui uxo jjiaLC tu 

20 achieve different depths of cut. Another geometry that could be created using this technique 
would be similar to Fig. 12 but have generally straight channels 304 that progressively got 
shallower from fuel gas supply channel 305 to fuel gas drain channel 306. 

It will be apparent that many of the flow field plate features described above are achievable by 
other means than abrasive blasting through a mask (e.g. injection moulding of suitable 

___j_-1 * 1 11j» N 

j "x msipriQic? PYfTmpr mcpr anmnnn i 

xxiubvixuxu^ v^xwaaxxvjl xul>v± ui • i L.v L-.i ii ; . 

~ s 

Machiiiing carbon based materials by an abrasive blast method will produce a lot of carbon dust 

anri mponc r\m cr r\/=k -nrr\-\Ti At±r\ ~rr\ ri <=^o 1 r-i rl^ Tr»ic» onrl f-»f*i»irp»Tif if nppmnind an pvnmcnrp trtcnr T Tcp r\~r 

LU1U UlVUllJ lllUJt Lj» v L/1UY1UW LVJ» VXVCLX V V X L.11 LXXXO LL1XVX VJi. W V Vlll. X L- L^ VVVX11111S LXXX V/VL/lUOl V V XXOXV. V_> Ow W X 
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circulativon of abrasive will pe rmi t the separation of the carbon and this can be disposed of for 



example, oy passing tnrougn a name to oum it on. 
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Air classifiers will also allow the separation of fine abrasive particles from coarse and these can 
be passed to separate guns where required. 

It is known to provide flow field plates comprising an electrically conductive core and a non- 
conductive frame fe.e. WO97/50139. WO01/89019. and US 3278336V The flow fields of the 

- \ - ? j , - - - y 

j • j • "I _ _ _1 • 1 . y _ M _ * j1 j ■ _ n _ f _ 1 J i_ _ ; ._ _ 

nrpcpm invp>nTinn m^v r»<=- noF»n in enpn citt~citi (TPmpnTe \ x/n i n punpr m<=» pnnrp i im\u i i f-» i j i nf^mtx f in 

UXVOViXt 111 > V^iJLL JLV'J J. JLJLJLW-V Y W VXU %_'\_X 111 UUV11 UllUllftVlllWllLkJ, T» 1U1 VJLH.JIV/J. UJ.4.W WA1 Lll W 1HJ YT JLXWJLV* >-/ WXXX>— , VA1 

J. ■— * - 
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Liic COXlQUOll y c uui c 5 ljcu-Jli.^ \Jcti. iictay kjii liic? llliili lil-> li vc? xi £11110 cxuli [jcll ixciny \ji± liio 
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VyU.UUU^Ll V L/\J1 W. Ill JLJCLX LXWU-lCAi. L_l 1 ^ i^V-J LAI V_^V_/ CJLLISJLI Ul L-il^_/ VJ..L CLJ.J.1 1U1 XJ xxxCl^V t^W \J11 LLL\s 

r-r\nrinr*.ti fr^ti-ip; in cnr«Ti m^Mrio^TriF-TiiQ tlie* r^n 9i n n pit q m h \/ p. ti o j=» in r- mQQ-Q p-r-t i ri n ?. 1 hVPh qtiIv 

VV/ilUMVbl T V JLJL UVJUJUJL W» XXX L_/ W>VWXX 1*11 kWA^VlllVUkU HIV •WXXtVWXXX.X'WX W XA.XWJ VllWU^W XXX VX W >_> 1^ W U W XX wvj- i^v X -w n V xix J 

on the conductive core, and in particular may taper only in that area lying under the 

Uw a^fi 

VI WLl W VJLXV11U VU11J UVU V W 1WC.1U11 X. U1W 111V1111/1U11V »WJL WUX UUV UUUVlllU'lJl . 
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a\ Tif^^TS^ TiPin r-\ » ota Tr\-v ci iAr/^r/-M-i o,v^h r»f-> ma -»-»-k ^-»-*-» Kt?~o-n o -f-j i i — — ~ i „ ~ i - ~„ .„ ._: _ : 
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JL X < ? ' ' — — — -rf — — - "ij t» , V W JK.JL[^JL JLUJLAJUkl, 

^4- t ^-v^, ^ „ ^ — ~i_ _ 1 j . j * , p n ■ 1 it 1 . -i . • /-m . i 

— — - — — WZXMJ.AU.WX ^-...^xx^xxx^ xxvyxxx wvwxw WX XXtXJLVJ. V_>XJL U1V JL/_LCILV_/ LU CA LI I CLl II IV J I r> il.I l_! J_±UJX_L 

on the plate, in which the cross-sectional area of said channel at drain or source is less 
than 95% of the cross-sectional area at source or drain respectively, 

A flow field nlate. as claimed in Hl^tm 1 in whir-h the* ^rriCQ-c^r-fiVvri^l qrpo nfccn'rl 

- X -j - — ' — — »••« 5 -•.-»- » i w.a»/ vi.vuu uvwwuaiwi Wl. vu \J X OUiU. 

i oi jc^i^i i vni v 

JT ' -I • 

A flow field plate, as claimed in Claim 1 or Claim 2 5 in which the channel crosses an 
electrochemically active region in the flow field, with the cross-sectional area of said 

1 ~i * ~t f* m 1 1 t - —— s . 

r* n onn e^- 1 of rt-n o- 01 »H ^ -t- nrn h ^i ^ «» i-, n-n>-> . . . . I I . r , » ^ . r ^ I „ 1_ — " ^ i xl er f\ / c j ~i 

LXL OIUW Ul l5CL1 IX L^I Ul^rM I 1 1 - / 1 I i I I I V rl I ,IIVH I r^V 1 1 1 1 I I lt^l I 1 KJ I t-TV**: I M MT1 W *^ f VI TI1P 

~—J ^ i — ^^^.WAA V yi,*^ i»"JU kJ.JLWfc<.X S / \J \j J_ niv 



/\. I10W Iieid male, as claimed in anv nrecerima r!?tirn ir. w! iir-'n r-hariTi^l ic ri-r^nr»li fi H 

A +1 ^•r-r-r ^.1 ^ -< „ „ „ I I J ' ._ . _ 1 - "f - * 1*1. "f 1 "■ 1 • 

/-v iniw r 1 1 - ; 1 1 i 1 1 1 >1 1 r: yt+< t *,i >t I I f l t-".i I in htiv nrwHrnrKT r'i qi in i-r\ -xim-i r*rt rno r>hormai /-»k» o-»-v /-ro.n -in 

— r"™~--* — —*»-*'-^** j.j.x 7 f-^J- vvvuill^ viUJllill, XXX VVXXXWXX Liif ^XJ.CtlXt.XWl J<^Li I 111 

•1.1 1 • . 1 ,1 

VXM/"1TK» o lAnrr 1 1-n I £^i-» <-r+t^ 
VVXVXtXX CXXVJXXti XLl5 X^/lli^Lll. 



A ixow Iieid plate, as claimed in any preceding claim, in which the channel changes in 



depth along its length. 
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A ilow Iieid plate, as claimed in any preceding claim, comprising an electrically 
uuiiuuvuvw i^ijh^ ana a non-conuucnve rrame. 



•* *■ »« j^^^-w-w, u.u VAU1111VU XXX V1UU11 W . XXX VV iliUIl LL1V OX V) I \±l CLIJL1 11^55 Uii LAIC' 

A flow field plate, as claimed in claim 9 5 in w'hieh the channels change in cross- 

sectinnal area nniv on the mnHn^tiv^ 
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